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ABSTRACT  
We fight as we train. Providing warfighters with optimal training is therefore critical to succeeding within 
the 21st century military operating environment. However, current evaluation and analysis of training is not 
always optimal, mainly due to two factors: availability of highly trained subject matter experts as instructors 
and increasing data volumes generated from today’s ever-evolving training environments that make 
comprehensive review and consistent trainee assessment cumbersome, if not impossible. 

We present a two-pronged approach with our training information management system RAPTOR that 
automatically computes trainee performance metrics to relieve instructors from routine tasks and to enable 
instructors to provide more immediate and consistent assessments. 

While the current system already helps instructors to focus more on advanced evaluation and in-depth 
feedback, future system expansion would help groups of trainees to self-evaluate and discuss training events 
with their peers. Quantitative analyses of movement, communication flows and share of conversation within 
a simulated scenario provide valuable hints and can also work as conversation starters in the group 
evaluation of a shared training event. This paper presents results from working with US and European 
forces, utilizing the approach in training of fighter pilots and military medical personnel. 

1.0 CHALLENGES OF CURRENT TRAINING ASSESSMENT 

In today’s live and simulated training, Measures of Performance (MOPs) are used to analyze how well an 
individual or team performed, document the training, and track training progress and current readiness. 
Unfortunately, little analysis is done to determine if the chosen training scenario ensures the trainee masters 
the specific skills or if there is a more effective way to train the desired skills. Figure 1 conceptualizes 
today’s typical process of training delivery and subsequent scenario improvement. [1] 

Figure 1. Typical training adaptation and improvement process today (simplified). [1] 
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Alas, the current training adaptation and improvement cycle faces multiple challenges. It is insufficient to 
deliver the amount and quality of training that is required to meet the demands in a rapidly changing security 
environment, including, but not limited to: 

• Increasing data volumes raise magnitude and complexity of comprehensive reviews and consistent 
trainee assessments. 

• Dependence on manual tasks (i.e., insufficient automation) and hence dependence on availability of 
suitably qualified and experienced personnel. 

• Scarcity of said expert personnel. 

• Subjective training assessment due to varying qualifications, experience, background etc. of instructors. 

• Limited comparability of trainings due to varying quality, scope, documentation etc. of training 
assessments. 

• Complexity of including information from additional sensors, e.g., to measure mental load, stress 
reactions etc. of trainees. [1] 

• Stronger focus on soft skills within the military has been introducing more social elements to simulation 
trainings. [3] As these rely mostly on nuanced personal interactions and subjective judgments pure 
reliance on quantitative metrics and automated assessments yields little success. 

The essential idea is to introduce automated training assessment into the training cycle that supports the 
instructors and trainees through objective trainee performance analysis and individualized training 
recommendations. Our key objective is to free up valuable time for instructors to ensure they can properly 
focus on those tasks that require expert judgment and cannot be automated.  

We also want to point to recent research that shows better learning outcomes for students who were allowed 
to self-evaluate. [4] Empowerment and autonomy, even on a small scale, are also known to enhance sense of 
ownership, accountability, and pride in their work. Learning sciences connect these emotions to increased 
intrinsic motivation, creativity, satisfaction, and well-being. 

A combination of automation and human-led evaluation that yields data-driven insights while enabling 
nuanced discussion and debriefing between trainees and instructors will achieve best results for training 
efficiency and knowledge retention.  

2.0 AUTOMATED PERFORMANCE ASSESSMENT 

Automated Performance Assessment (APA) refers to the use of advanced algorithms, analytics, and machine 
learning to objectively evaluate and measure the effectiveness of individual or group performance in training 
programs. This approach eliminates human bias and subjectivity and enables detailed feedback right after the 
training or even real-time, while the trainee is still in the simulation run, thereby optimizing training 
outcomes and resource allocation. 

2.1 High Level Objectives 
Automated Performance Assessment represents a paradigm shift in the way training effectiveness is 
measured and optimized. By leveraging the capabilities of advanced analytics, machine learning, and real-
time data collection, automated assessment offers several advantages over traditional and/or manual 
evaluation methods. These systems eliminate the subjectivity associated with human evaluations, providing a 
more consistent and objective measure of trainee performance. Furthermore, they can process large volumes 
of data from complex training scenarios to deliver immediate and tailored feedback.  
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The main objectives of APA are: 

• Standardization – One of the primary objectives is to standardize performance metrics across diverse 
training programs, allowing for more reliable comparisons and evaluations. 

• Support instructors – Augmenting instructors in review sessions after a training run by providing 
objective, data-driven feedback on trainee’s performance. 

• Support trainees – Enabling trainees to access training results with or without the presence of an 
instructor.  

• Long-term tracking of performance – Providing a long-term view on the past trainings of an 
individual to evaluate and visualize performance development over time.  

• Immediate Feedback – Providing instant, real-time feedback to trainees is crucial for immediate 
correction and learning, facilitating a more dynamic and responsive training environment. 

• Data-Driven Decisions – Empowering instructors and decision-makers with robust, data-driven insights 
into trainee performance and areas for improvement. 

• Resource Optimization – By automating routine assessment tasks, these systems free up valuable 
human resources, allowing instructors and subject matter experts to focus on more nuanced and complex 
aspects of training and evaluation. 

• Scalability – Scaling the assessment process effortlessly to accommodate small or large numbers of 
trainees, or to adapt to more complex or varied training scenarios, is a vital objective. 

• Continuous Improvement – Leveraging collected data to iteratively refine and improve both the 
training programs and the assessment algorithms themselves, in a virtuous circle of continuous 
improvement. 

2.2 Key Requirements 
In the past years, while working with Automated Performance Assessment, we came across a variety of 
different requirements. The following subchapters highlight some of these requirements as they are generic 
and as such not only relevant for a limited audience and therefore are of specific interest for the M&S 
community as they provide valuable information to trainees and instructors.  

2.2.1 Performance Metrics 

Performance metrics within APA are quantifiable measures used to evaluate the proficiency and efficiency 
of a trainee in a given simulation. By analyzing data points such as response times, accuracy, decision-
making pathways, and more, APA systems can provide an objective assessment of a trainee’s capabilities. 
The data-driven nature of these metrics offers a level of consistency and objectivity seldom achievable by 
human evaluators. 

However, different Communities of Interest (COIs) often have distinct performance metrics, shaped by 
unique guidelines, protocols, and manuals. For instance, the TCCC (Tactical Combat Casualty Care) requires 
different performance metrics in comparison to a flight manual from the Air Force. 

Each of these documents has been crafted with deep expertise and understanding of the field they cater to. 
They are detailed and are often not compatible with metrics from another COI. This makes a “Universal 
APA” approach and system difficult to achieve. However, using modern approaches, e.g., a modular system 
design and technologies like Machine Learning (ML) and Large Learning Modules (LLM), helps bridging 
the gaps and make the next leap towards a COI-overarching APA. Evolving the APA alongside the ever-
changing documents and metrics is key to keeping assessment results relevant.  
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While the promise of APA is immense, navigating the labyrinth of diverse performance metrics is a 
significant challenge. However, with the right strategies, it's possible to harness the full potential of APA 
across diverse training scenarios. 

2.2.2 Training Recommendations 

Analyzing past trainings not only provides insights on the trainee’s past performance, but it can also be used 
for training recommendations for future trainings.  Based on “currency” and “proficiency” requirements, 
these recommendations need to include both trainees’ abilities and the organization’s training standards like 
manuals and specifications. 

While currency refers to the state of being up to date in a particular skill set, meaning that an individual or 
team has undergone the necessary training exercises or evaluations recently enough, proficiency refers to the 
measurable level of skill or competence a trainee has reached in a specific skill, task, or procedure.  

This distinction is relevant also for APA as these are two key metrics to monitor and optimize training 
efforts. The two serve as a bridge between achieving training goals as a mere “done” checkmark (currency) 
to actionable insights in terms of skill level achieved (proficiency).  

2.2.3 Video Replay 

The APA analysis results are key for data-driven and objective debriefing. In addition to that, video replay 
augments debriefing by providing instructor and trainee with the possibility to replay specific scenes that 
were key moments in the simulation. These moments can be discussed and reviewed again as another object 
aspect in the debriefing. The video feed can be paused, rewound, played in slow-motion and forwarded from 
one key moment to another. This helps to dissect complex scenarios, examine decision-making processes, 
and identify both mistakes and successful strategies. 

Seeing one's actions on screen can reinforce both good practices and reveal bad habits, helping trainees 
internalize the consequences of their actions and strategies. This visual reinforcement aids in the quicker 
mastery of complex skills. 

When used in a group setting, video replays offer the chance for collective learning. Team members can 
point out details that others may have missed, fostering a collaborative learning environment and enhancing 
team cohesion. 

Also, reviewing a video replay allows trainees and instructors to detach emotionally from the events, offering 
a calmer environment in which to analyze performance. This can be particularly beneficial after high-stakes 
or intense training scenarios. 

By incorporating video replays into the debriefing process, the educational outcomes of simulation-based 
training runs can be significantly enhanced, making them a valuable tool for both trainees and instructors. 

2.3 Market Overview 
There is a variety of tools that have been developed to serve needs similar to those addressed by APA. These 
tools offer a range of functionalities, from real-time performance metrics to advanced analytics and 
simulation-based training assessments. Here's a brief overview of some of these tools and notable efforts: 

• US Air Force (USAF) Secure Live Virtual Constructive Advanced Training Environment (SLATE) 

• Generalized Intelligent Framework for Tutoring (GIFT) [5][2] 
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• Cervus XCaliber for marksmanship training [7] 

• Aptima Learning Analytics 

• Aditerna RAPTOR (see next section) 

2.4 RAPTOR (in a Nutshell) 
Thorough trainee evaluation requires subject matter experts (SMEs) to assess current performance and 
recommend future training that is optimized for each individual. Presently, with limited SME availability and 
large volumes of data generated from today’s training environments, a comprehensive and consistent trainee 
assessment is impractical, if not impossible. Typically, this impacts the quality of analysis required to 
determine a trainee’s actual proficiency, which in turn degrades the ability to select the most appropriate 
future training, which further degrades the ability to determine if a scenario can truly ensure that training 
objectives are mastered. 

To overcome this problem, Aditerna has designed the system RAPTOR that ingests training data, calculates 
predetermined Measures of Performance and then provides scenario recommendations that ensure trainees 
master warfighting skills as intended (see Figure 2). By tracking trainees throughout their career, we can 
identify when a skill is mastered and how often trainees need to practice that skill to stay proficient. 

 

Figure 2. RAPTOR overview 

RAPTOR is currently being developed further as part of the “Virtual Reality Trauma Simulator” (VireTS) 
project within the European Defence Industrial Development Programme (EDIDP) as a solution to analyze 
data from a medical Virtual Reality (VR) simulation. [7] While the initial focus is on Tactical Combat 
Casualty Care (TCCC) trainings of military medics and military first responders, the scope of the project 
should widen to eventually include comprehensive military medical care. 

RAPTOR transforms training data from VR applications and simulators into actionable intelligence by 
offering consistent trainee performance measurement and long-term training data analysis. Providing 
automated feedback and recommendations for future training increases both training effectiveness and 
efficiency.  

3.0 EXPANSION AND FUTURE OPPORTUNITIES 

3.1 Future Opportunities for Individual Learner Evaluation  
Virtual Reality (VR) has revolutionized the way we approach training and education, offering immersive and 
interactive experiences that can simulate real-world scenarios. It contributes to training effectiveness by 
providing objective metrics, opportunities for practice, immediate feedback, and individualized learning 
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paths. The impact on training evaluation cannot be overstated as it brings together high immersion, 
controllable and repeatable training conditions and as vast treasure of data including trainee decisions and 
movements as well as response times, accuracy, and completion rate. 

3.1.1 Real-Time Assessment and Adaptive Training 

Real-time feedback in training offers trainees an opportunity to adjust their approach, correct mistakes and 
reinforce positive behaviors. Combined with a dynamic training management system and adaptable scenarios 
real-time assessment also allows for an adjustable training environment that can offer additional guidance or 
provide extra practice opportunities and might even influence the difficulty level of training scenarios. 

Real-time assessment is further enhanced by the integration of biosensors to monitor physical data and 
include an objective stress level assessment which can be used to ensure trainee safety and health. 
Furthermore, it enables customized training interventions and even biofeedback training for trainees to 
control stress levels, improve focus, and optimize performance. 

3.1.2 Integration of Biosensors 

Significant advancements in technology, improved sensor capabilities, and increased accessibility to these 
technologies have made the integration of biosensors into training much easier. Even though higher costs 
combined with the complexities of hardware and software integration have somewhat hindered large-scale 
introduction of biosensors in training we expect comprehensive implementation in the near future. 

 Integrating biosensors into training programs maximizes the benefits of training while also contributing to 
better preparation for real-world challenges and missions. Providing trainees with personalized, data-driven 
guidance from biosensors optimizes training efficiency and effectiveness as it helps trainees improve their 
performance, manage stress, and overall enhance their own training experience. 

3.1.3 Spatial Analysis 

Spatial positioning during simulation training can offer valuable insights into trainee’s knowledge and 
confidence, e.g., walking fast and direct to medicine stock as opposed to wandering slowly and haltingly 
searching for the right resources. The data received can also be used to optimize path planning both in VR 
(for future simulations) and in reality, to find the most suitable path to any given goal and to research the best 
location for tools to be used during training or in real life.  

3.2 Additional Offers for Team Performance Evaluation and Group Assessment  
Some of the most crucial skills for warfighters are group-oriented and emphasize teamwork, clear 
communication, leadership, and situational awareness. [9][10] As mentioned before it is extremely 
challenging to automate performance assessement for social skills like these. Nevertheless we aim to provide 
instructors and trainees with hints and thought-provoking impulses based on trainees‘ simulation experience 
and automatically calculated by our system to support the evaluation and development of social skills. 

Using motion profiles, communication patterns, and voice analysis, trainers and educators can gain valuable 
insights into group dynamics, individual contributions, and areas for improvement. This in-depth analysis not 
only enhances the effectiveness of VR training but also enables a more nuanced approach to developing 
interpersonal skills and teamwork. Analyzing group interactions training provides a multi-dimensional 
understanding of participant behavior as it helps reinforce these skills. 
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3.2.1 Motion Profiles 

Motion profiles refer to trainees' movements and body language in a VR environment. Data includes 
gestures, postures, and spatial positioning. They can offer valuable insights into group dynamics and 
individual behavior during training sessions such as patterns of leadership, submissiveness, or collaboration. 
Spatial analysis can also help identify the optimal positioning of team members during critical procedures, 
ensuring efficient communication and coordination. 

3.2.2 Communication Analysis 

Trainers can define metrics for communication, such as the frequency and quality of verbal interactions, the 
use of structured communication protocols (if applicable), and the accuracy of conveyed information. 
Evaluations can focus on whether trainees become more effective in conveying critical information, listening 
actively to their team members, and maintaining clear and concise communication during high-stress 
scenarios. There is also research into evaluating trainees’ situational awareness through communication 
analysis promising even more insights into participants’ “inner workings”. [11]  

3.2.3 Share of Conversation Time 

Voice recognition technology can detect patterns such as who speaks the most, who listens actively, and the 
tone of conversations. For instance, a participant who speaks most while consistently interrupting others 
might be exhibiting dominant behavior. 

3.2.4 Automated Support Functions for After Action Reports and Debriefing 

A holistic approach of including automated feedback and human interaction in debriefing with trainers is 
considered optimal for learning evaluation and training efficiency. But, as we experience an increasing 
scarcity of SMEs and other educators, we want to explore how a sophisticated Training Information 
Management System (TIMS) can support the facilitation of After-Action Reviews (AARs) for a group of 
trainees even in the absence of instructors. However, to ensure a well-rounded training assessment trainees 
should ideally receive guidance on how to use the TIMS effectively for AAR purposes and additionally self-
guided AARs should be periodically complemented with instructor led AARs.  

Partly automating After-Action Reports (AARs) can streamline the process, reduce manual effort, and ensure 
consistency in reporting. More importantly it supports organizations in fostering a culture of continuous 
improvement by empowering team members to assess and enhance group dynamics by themselves. This 
approach not only helps trainees develop essential skills but also ensures that these principles are consistently 
applied and refined in high-stress environments. 

The main areas where TIMS can support self-guided AARs to empower trainees and help overcome 
shortages of instructors: 

• Data Access and Visualization – TIMS provides trainees with access to the collected training data, 
including performance metrics, communication logs, and simulation outcomes. TIMS can automatically 
collate data to generate charts, graphs, and to present information in a visually appealing and 
comprehensible manner. TIMS’ visualization tools enable trainees to explore data visually, helping them 
to identify trends, patterns and anomalies independently.  

• Performance Metrics - Trainees can assess their individual and team performance against predefined 
KPIs. Access to performance data allows trainees to identify strengths and weaknesses as TIMS presents 
performance metrics calculated from the training data. 

• Customized AAR Templates - TIMS can include predefined and customized AAR report templates to 
use as a starting point for self-guided AARs. Trainees can customize these templates to align with their 
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specific training objectives and areas of interest.  

• Version Control and Historical Data - Enabling trainees to track changes and improvements in their 
AARs over time is done by TIMS maintaining version control for AARs. Historical AAR data serves as 
a reference for tracking progress and assessing the evolution of training outcomes. 

• Event Logs and Timeline - Event logs and timelines recorded by TIMS help trainees review and 
reconstruct the sequence of actions and decisions made during the training. This feature helps trainees 
gain a comprehensive understanding of the training scenario.  

• Participant Feedback Integration - TIMS can be adapted to include survey and feedback tools so that 
trainees can review feedback from themselves and their peers. This feedback provides valuable insights 
into the training experience and areas for improvement both for the training groups as well as individual 
trainees. 

• Collaboration and Discussion - Trainees can use collaboration features within TIMS to engage in 
group discussions and share insights with their peers. Group discussions support trainees to collectively 
identify lessons learned and generate recommendations.  

• Actionable Insights and Recommendations - Automated analysis based on available training data can 
generate actionable insights and recommendations. Trainees can review and adapt these to guide their 
self-guided AARs.  

While we hope to make evident the value of automation in support of AARs and generally to enhance 
training effectiveness the human element remains crucial, especially in the interpretation of results, the 
identification of lessons learned, and the formulation of actionable recommendations. Automation 
complements human expertise and can expedite the reporting process, but the insights and contextual 
understanding provided by experienced personnel remain invaluable in AARs whether facilitated by an 
instructor or group-led. [12]  

4.0 CONCLUSION AND OUTLOOK 

4.1 Conclusion – Automated Performance Assessment (APA) to the Front 
In conclusion, the pursuit of increasing training efficiency through automated performance assessment 
(APA) represents a pivotal advancement in educating and training professional warfighters. 

This research has illuminated the potential of APA to enhance not only the effectiveness of training 
programs but also the overall learning experience. The ability to provide timely, personalized feedback and 
adapt instructional content in real-time offers a promising avenue for improving learner outcomes and 
engagement. 

To overcome critical challenges of current training assessment (such as the raising complexity and 
magnitude of comprehensive reviews due to increasing data volumes, dependence on manual tasks, limited 
availability of instructors, subjectivity of assessments, complexity of including additional information from 
new sensors), an increased use of automated performance assessment seems to be a promising solution 
approach. While freeing up valuable instructor time, automated performance assessment helps to generate 
objective (and comparable) assessments for each trainee and enables the integration of a vast array of data 
sources. 

Various automated performance assessment tools are currently being developed and have reached different 
maturity levels. Although the general benefit of such tools has been demonstrated in many different 
applications, they are still far from being routinely used. The utilization of APA can and should be increased 
by investing time and effort into cutting-edge technologies and data-driven approaches to further enhance 



Increasing Training Efficiency through Automated Learner 
Performance Evaluation 

STO-MP-MSG-207 5 - 9 

 

training efficiency and effectiveness.  

However, it is crucial to acknowledge that this pursuit is not without its challenges, including issues related 
to the ongoing refinement of automated evaluation systems and smoother integration of external data 
collectors (like biosensors). Therefore, as we move forward in implementing these technologies, a 
commitment to continuous improvement, and the integration of human expertise remains paramount. In 
summary, the journey towards increasing training efficiency through automated learner performance 
evaluation is an exciting one, marked by transformative potential. By harnessing the power of automation 
and leveraging data-driven insights, we can pave the way for more effective and personalized learning 
experiences, ultimately advancing our collective pursuit of knowledge and skill development in modern 
warfare. 

4.2 Outlook – Steps Toward Automated Support for Debriefing and After-Action Report 
While we have made significant strides in harnessing the potential of automated learner performance 
evaluation, the path forward is marked by several exciting opportunities and challenges. To fully realize the 
vision of enhanced training efficiency, we must consider the following key aspects: 

• Supporting Instructors through Automation - Instructors play a pivotal role in the learning 
process. Future developments should prioritize the creation of automated tools that assist educators 
in interpreting learner performance data effectively. This support can aid instructors in tailoring their 
teaching methods and interventions, ultimately fostering a more engaging and responsive learning 
environment. 

• Empowering Trainee Groups for Independent AARs - The concept of debriefing and AARs as 
means of reflection and learning is invaluable. Going forward, there is a pressing need to empower 
trainee groups to conduct AARs autonomously when circumstances warrant it. Automated systems 
supported by ML and LLM can provide the necessary data and guidance for these reviews, 
encouraging self-directed learning while enhancing collaboration among learners. 

• Realizing Continuous Improvement - The journey toward training efficiency is an iterative 
process. To stay on the cutting edge, we must embrace a culture of continuous improvement. This 
involves refining automated evaluation systems based on user feedback, emerging best practices, 
and advances in technology. By doing so, we can ensure that these tools remain relevant and 
effective. 

• Scaling Personalization - Personalization of training experiences offers tremendous benefits. The 
challenge lies in scaling these approaches to accommodate a diverse range of learners, including 
those in large online courses. Further exploration of adaptive algorithms and scalable personalization 
techniques is needed. 

• Cross-Sector Collaboration - Collaboration across sectors, including academia, industry, and 
government, is essential. This collective effort can drive innovation, share insights, and facilitate the 
development of standards and best practices for automated learner performance evaluation. 

• Ethical and Inclusive Automation - As automation becomes more integrated into training and 
evaluation, addressing ethical concerns and promoting inclusivity is paramount. Future work should 
prioritize research on mitigating algorithmic bias, protecting learner data privacy, and ensuring that 
automated systems do not inadvertently disadvantage certain groups of learners. 

In summary, the outlook for increasing training efficiency through automated performance assessment 
enriched with additional information on social cues is a compelling one. It encompasses not only the 
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optimization of technology but also the empowerment of instructors and learners alike while at the same time 
acknowledging that social competence may determine whether a particular mission succeeds or fails. [13] 
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